O Sporadic inclusion-body myositis (s-IBM) is the most common degenerative muscle disease in which aging 23 appears to be a key risk factor. In this review we focus on several cellular molecular mechanisms responsible 24 for multiprotein aggregation and accumulations within s-IBM muscle fibers, and their possible consequences.
25 Those include mechanisms leading to: a) accumulation in the form of aggregates within the muscle fibers, of sev-26 eral proteins, including amyloid-β42 and its oligomers, and phosphorylated tau in the form of paired helical fil-27 aments, and we consider their putative detrimental influence; and b) protein misfolding and aggregation, 28 including evidence of abnormal myoproteostasis, such as increased protein transcription, inadequate protein dis-29 posal, and abnormal posttranslational modifications of proteins. Pathogenic importance of our recently demon-30 strated abnormal mitophagy is also discussed. The intriguing phenotypic similarities between s-IBM muscle 31 fibers and the brains of Alzheimer and Parkinson's disease patients, the two most common neurodegenerative 32 diseases associated with aging, are also discussed. This article is part of a Special Issue entitled: Neuromuscular 33 Diseases: Pathology and Molecular Pathogenesis. The pathogenesis of sporadic inclusion-body myositis (s-IBM) is 49 complex and involves multidimensional pathways, and several critical 50 issues are still unresolved.
51
The known muscle-fiber degeneration aspects and mononuclear-52 cell inflammation are components of the s-IBM pathology, but which 53 is precedent and how they interrelate are not certain [1] [2] [3] [4] [5] . There is 54 growing evidence that aging of the muscle-fiber, associated with 55 intra-muscle-fiber accumulation of several conformationally-modified 56 proteins, plays a primary and major pathogenic role leading to 57 muscle-fiber destruction and clinical weakness. and intra-muscle-fiber accumulation of misfolded, ubiquitinated, 60 congophilic, multiple-protein aggregates [1] [2] [3] . We suggest that multi- We propose that aging of the muscle fiber intracellular milieu, predisposing genes, and possibly some other aspects of the muscle-cell milieu, lead to still unknown molecular changes within the muscle fiber (indicated in the diagram as a black box with a question mark). This subsequently leads to several detrimental events, namely: a) existence of several abnormal mechanisms of protein transcription and processing; and b) accumulations of several proteins. These constitute the typical profile of s-IBM muscle fiber abnormalities (details in the text). We also propose that Aβ42 and its oligomers, as well as an inhibition of protein-disposal and mitochondrial abnormalities are key factors leading to muscle fibers atrophy, weakness, and death (details in the text).
Another important aspect of the s-IBM pathogenesis is an impaired test has not received further consideration, probably because Aβ42 158 was also increased in a few older patients with previously, but possibly cluding ones specifically identifying "AD-specific" conformational tau Motor Neuron (SMN), both of which were proposed to contribute to 389 PHF formation [76] . Studies related to neurodegeneration strongly 390 suggest that intracellular increase of p-tau is cytotoxic to neurons 391 (reviewed in [70, 77] ). Recently, it has been reported that in AD brain 392 p-tau is hyperacetylated due to deficiency Q11 of SIRT1 [78] . That modifica-393 tion was reported to impair p-tau degradation by the 26S proteasome 394 [78] . Impaired autophagy has also been implicated as a factor contribut-395 ing to tau oligomerization and accumulation [79] . It is possible that Recently, the importance of MSTNPP accumulation in s-IBM was em-427 phasized by the studies of others [86] demonstrating that MSTNPP is ca-428 pable of forming intracellular β-pleated sheet amyloid. Since MSTN 429 physically associates with Aβ [84, 85] , it is possible, as we have previous-430 ly proposed [84] , that these two proteins might enhance each other's 431 aggregation, oligomerization and β-pleated sheet formation. In s-IBM muscle α-syn is also increased, by immunohistochemistry 442 and immunoblots [89, 90] , and its mRNA is increased by real-time PCR, 443 suggesting its increased production (Nogalska et al., 2011, unpub-444 lished). In s-IBM muscle, the increased α-syn might also be due to its AβPP/Aβ may inhibit proteasome function [80] . Bnip3 and Mfn1, in mitochondria isolated from s-IBM and age-matched 609 normal-control muscle biopsies, and in c) analyzed Bnip3 and Mfn1 610 mRNAs in total muscle homogenates by real-time PCR [122] .
611
Our studies showed that in s-IBM as compared to controls, there closely co-localized with LC3 (Fig. 2) .
617
By immuno-electron-microscopy, Bnip3 was mainly located on the 618 outer mitochondrial membrane (Fig. 3) and it closely co-localized 619 with LC3 within very abnormal mitochondria (Fig. 3) .
620
(We were not able to immunohistochemically detect Bnip3 in either Mfn1 were strongly immunoreactive at the periphery of ragged-red fi-624 bers, which was not s-IBM-specific (Fig. 2) . We previously demonstrated 625 that in various diseased human muscle, α-syn and parkin accumulate in 626 ragged-red fibers (reviewed and illustrated in [26] ). We propose that ab-627 normal mitochondria within ragged-red fibers, in various diseases term by infants, children and adults, it is usually well-tolerated [126] .
679
NaPB reportedly mimics the function of intracellular molecular chaper-680 ones by preventing protein aggregation and oligomerization [127] , in 681 addition to being a histone deacetylase inhibitor [125, 126] . e) decreased γ-secretase activity [128] . All those parameters are substan-
688
tially increased both in s-IBM muscle fibers and in our Autoph mouse models and in vitro [134] .
Q14
In the future other treatment approaches might include 
